Abstract. Hypericum perforatum (St. John's wort) is wellestablished for its antidepressant activity throughout the world and also various other species within this genus are used in different folk medicines. Hyperforin of St. John's wort inhibited growth of cancer cell lines and the use of hypericin (another compound of H. perforatum) in cancer photodynamic therapy is proposed. Therefore, we investigated the anti-cancer properties of H. adenotrichum Spach (Guttiferae), an endemic species in Turkey called 'kantaron', which is used for wound healing and antiseptic effects. Freeze-dried plant was extracted with petroleum ether, dichloromethane, ethyl acetate, and methanol and the bioactivity of these extracts was analysed by proliferation assay, cell death determination, by investigating protein expression profiles specific for cell cycle arrest and apoptosis as well as composition by HPLC. The strongest anti-proliferative activity was determined for the petroleum ether extract with an I p C 50 of ~5.8 μg/ml medium (referring to 1 mg dried plant) which correlated with cyclin D1 suppression and p21 induction. This extract also induced phosphorylation of H2AX, and activated caspase-3 followed by signature-type cleavage of PARP resulting in ~50% apoptosis at 23.2 μg/ml after 24 h of treatment. Neither hyperforin, hypericin, or amentoflavone contributed to these properties. To the best of our knowledge, we report for the first time that the endemic plant H. adenotrichum Spach exhibits potent p53-independent anti-neoplastic properties due to yet unexplored Hypericum constituents.
Introduction
Some 60% of all drugs used in Western medicine are derived from natural compounds which served as leads (1) . From the 80's up to now pharmaceutical companies collect marine organisms, bacteria, fungi and plants at random to test them in robot-screenings regarding their anti-cancer, anti-inflammatory, anti-bacterial etc. activities. Another approach requests the ancient ethno-botanical knowledge of old civilizations which mostly base on the in depth and long lasting empirical experiences with the locally available natural resources, plants at most.
Of the 12,000 plant species in Europe under consideration approximately 11,500 taxa are found in Turkey alone with 33% of these plants endemic. Since numerous ancient civilisations lived in the area, the plant societies were tested for medicinal applications throughout the ages and many plant species are still used in Turkish folk medicine to treat various diseases (2) .
The rich botanical biodiversity of this region paired with the cultural background was the reason to explore the traditional healing plant Hypericum adenotrichum, one of 43 Hypericum species endemic in Turkey. Within the genus Hypericum various species are used in different folk medicines worldwide and are tested against cancer cell growth.
The genus Hypericum is called 'kantaron' in Turkey and H. adenotrichum is used in folk medicine for antispasmodic and antiseptic effects, and wound healing especially burns (2) . The use of hypericin in cancer photodynamic therapy has been proposed before (3, 4) . Hyperforin has shown growth inhibition and increased caspase activity in tested cancer cell lines (5) . The study of Martarelli et al (6) showed that a methanol extract of H. perforatum significantly reduced prostate tumour growth. Five extracts isolated from H. hookerianum were tested against the growth of the human ONCOLOGY REPORTS 22: 845-852, 2009 845
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Hypericum adenotrichum Spach endemic to Western Turkey (8) and restrained tumour invasion and metastasis (9) . Methanolic extracts of six Hypericum species from Southern Brazil were screened against two cancer cell lines, HT-29 and H-460. Three of these species were found to be active against cancer cells (10) and a lipophilic extract of H. perforatum exhibited anti-neoplastic activity against T24 and NBT-II bladder cancer cells (11) . H. adenotrichum Spach is unexplored as yet regarding anti-cancer activities. In a study of 74 taxa of Hypericum, in H. adenotrichum rutin, hyperoside, pseudohypericin and hyperforin were not detected, but the species contained amentoflavone (12) . Leukaemia frequently escapes successful treatment when malignant cells are refractory to therapy because of acquired or primary resistance due to e.g. compromised p53 expression. Since new treatment options are urgently needed we investigated the anti-leukaemic properties of H. adenotrichum Spach extracts of different polarity in p53-negative HL-60 promyeloic leukaemia cells.
Materials and methods
Plant material. Hypericum adenotrichum Spach was collected from south-west of Turkey at Karincali mountain (Aydin) at a height of 1422 m in May 2007. Taxonomic determination was made by Dr Özkan Eren. Voucher specimens, in duplicates were deposited in the herbarium of Department of Biology, Adnan Menderes University.
Sample preparation. The whole plant was freeze-dried, then the plant material was milled and extracted in a solvent-series of increasing polarity (petroleum ether, dichloromethane, ethyl acetate and methanol). Solvent was added 1:10. After the first soxhlet extraction with petroleum ether, filtration and drying of the residues, the dried plant material was subjected sequentially to the second extraction with dichloromethane, the third extraction with ethyl acetate, and fourth extraction with methanol. Extracts were evaporated and yielded 5.8, 10.8, 5.3 and 28.1 mg per g dried plant material (13) (14) (15) , respectively. The extracts, corresponding to 50 g dry weight of the plant material, were dissolved in 2 ml ethanol. For the proliferation and apoptosis assay following concentrations as calculated for dried plant material were used: 500 μg/ml, 1, 4, 20 mg/ml. Corresponding extract amounts are depicted in Table I . To exclude the effect of ethanol on the cell proliferation and apoptosis, controls were treated with respective concentrations of ethanol as used for sample treatment (in general ~0.4% EtOH). Increasing concentrations (0.1, 1, 5, 10 μM) of hyperforin and amentoflavone were used and the effects on cell death, proliferation and protein expression compared to those of the PE-extract.
HPLC analysis. The content of hyperforin and amentoflavone in the extracts was quantified by HPLC (external standardization) as described (12) . Column, 5 μm Hypersil BDS (250x4.6 mm, Shandon, Runcorn, GB); mobile phase, methanol with 1% acetic acid (v/v) (A) and 1% acetic acid (B); gradient elution, 0-15 min 25-55% A; 15-18 min 55-70% A; 18-26 min 70% A; 26-28 min 70-25% A; flow rate 1.0 ml/min; wavelength of detection 280 nm. Amentoflavone was only detected in the ethylacetate extract, but the concentration was below the limit of determination of 0.001%. The dichloromethane extract contained hyperforin at a concentration of 0.088%, whereas the other extracts did not contain this substance.
Reagents and antibodies. Hoechst 33258, propidium iodide, and hyperforin were purchased from Sigma. Amentoflavone was from Fluka, and ECL Western Blotting Substrate Cat# 32106 was from Pierce. Amersham Hyperfilms ECL, High performance chemiluminescence film was from GE-Healthcare. Mouse monoclonal (ascites fluid) anti-acetylated tubulin clone 6-11B1 Cat# T6793, and mouse monoclonal (ascites fluid) anti-ß-actin clone AC-15 Cat# A5441, were from Sigma. Table I . Extract amounts. 
For the proliferation and apoptosis analyses extract concentrations corresponding to 500 μg, 1, 4, 20 mg/ml dried plant material were used.
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phospho-detect anti-ÁH2AX (pSER139) Cat# dr-1017 was from Calbiochem. Anti-mouse IgG was from Dako and anti-rabbit IgG from GE-Healthcare.
Cell culture. HL-60 promyeloic leukaemia cells were purchased from ATCC. Cells were grown in RPMI-1640 medium supplemented with 10% heat inactivated fetal calf serum, 1% L-glutamine and 1% penicillin/streptomycin at 37˚C in a humidified atmosphere containing 5% CO 2 . All media and supplements were obtained from Life Technologies.
Proliferation inhibition analysis. HL 60 cells were seeded in T-25 tissue culture flasks at a concentration of 1x10 5 /ml and incubated with increasing concentrations of plant extracts (corresponding to 500 μg/ml, 1, 4, 20 mg/ml of the drug). Cell counts and IC 50 values were determined at 24 and 48 h using a CC-108 microcell counter (Sysmex, Kobe, Japan). Experiments were done in triplicate.
The percent of cell divisions compared to the untreated control were calculated as follows: [(C 48 h + drug -C 24 h + drug )/ (C 48 h -drug -C 24 h -drug )] x 100 = % cell division, where C 48 h + drug is the cell number after 48 h of drug treatment, C 24 h + drug , is the cell number after 24 h of drug treatment, C 48 h -drug is the cell number after 48 h without drug treatment, and C 24 h -drug , is the cell number after 24 h without drug treatment.
Cell death analysis. The Hoechst propidium iodide double staining was performed according to the method described by Grusch et al (16) . HL-60 cells (1x10 5 per ml) were seeded in T-25 Nunc tissue culture flask and exposed to increasing concentrations of plant extracts for 24 h. Hoechst 33258 and propidium iodide were added directly to the cells at final concentrations of 5 and 2 μg/ml, respectively. After 60 min of incubation at 37˚C cells were examined on a Zeiss Axiovert fluorescence microscope equipped with a DAPI filter. Cells were photographed and analysed by visual examination to distinguish between apoptosis and necrosis (16, 17) . Cells were judged according to their morphology and the integrity of their cell membranes by propidium iodide staining.
Western blotting. HL-60 cells (1.5x10 7 ) were seeded into T-75 Nunc tissue culture flasks and incubated with selected 23.2 μg/ml PE extract for 0.5, 2, 4 and 8 h, respectively. Then, 1x10 6 cells were harvested (per experimental point), washed twice with ice cold PBS, centrifuged at 1,000 rpm for 5 min, lysed in a buffer containing 150 mM NaCl, 50 mM Tris pH 8.0, % 1 Triton-X-100, 1 mM phenylmethylsulfonylfluoride (PMSF) and Protease Inhibitor Cocktail (PIC; from a 100x stock). The lysate was centrifuged at 12,000 rpm for 20 min at 4˚C, and the supernatant was stored at -20˚C until further analysis. Equal amounts of protein samples were separated by polyacrylamide gel electrophoresis (PAGE) and electrotransferred onto PVDF-membranes (Hybond, Amersham) at 4˚C overnight. Staining membranes with Ponceau S controlled equal sample loading. After washing with phosphate-buffered saline/Tween-20 (PBS/T) pH 7.2 or Tris buffered saline/Tween-20 (TBS/T) pH 7.6, membranes were blocked for 1 h in blocking solution (5% non-fat dry milk in PBS containing 0.5% Tween-20 or in TBS containing 0.1% Tween-20). Membranes were incubated with the first antibody (in blocking solution, dilution 1:500-1:1000) by gently rocking at 4˚C, overnight, washed with PBS or TBS and further incubated with the second antibody (peroxidaseconjugated goat anti-rabbit IgG or anti-mouse IgG, dilution 1:2000-1:5000 in PBS/T or TBS/T) for 12 h. Chemiluminescence was developed by the ECL detection kit (Amersham, UK) and membranes were exposed to Amersham Hyperfilm.
Statistics. All experiments were performed in triplicate and analysed by t-test (GraphPad Prism 4.0 program).
Results

Induction of caspase-3 and apoptosis by extracts of H.
adenotrichum. Solvents with increasing polarity (petroleum ether, dichloromethane, ethyl acetate and methanol) were used to extract bioactive constituents from the freeze-dried plant H. adenotrichum. The dried extracts were dissolved in ethanol and HL-60 cells were subjected to increasing concentrations of the solutions (Table I ). The PE extract elicited predominantly apoptosis. The concentration which induced 50% apoptosis (AC 50 ) was 26.0 μg of the dried PE extract per ml cell culture medium (corresponding tõ 4.5 mg dried plant material/ml medium) after 24 h. The dichloromethane and ethyl acetate extracts were less active (AC 50 = 136.5 and 74.2 μg extract/ml medium, respectively, corresponding to 13.0 and 14.0 mg dried plant material/ml) and induced also necrosis at higher concentrations indicating that these extracts contained compounds with undesired toxicity (Fig. 1a-c) . The methanol extract exhibited the weakest effect (data not shown). As a control the apoptotic potential of a PE extract of Lactuca sativa, prepared in the same way and up to 313.0 μg/ml, was ineffective (Fig. 1d) . Since the PE extract induced apoptosis but not necrosis we further investigated this extract type regarding the apoptotic mechanism involved. Caspase-3 is one of the key enzymes of apoptosis responsible for the signature-type cleavage of specific target proteins such as the nuclear enzyme poly-(ADP-ribose) polymerase (PARP) (18) . Therefore, it was investigated whether apoptotic cell death correlated with the activation of caspase-3 and the cleavage of its target PARP. Incubation of HL-60 cells with 23.2 μg PE extract/ml cell culture medium (corresponding to 4 mg dried plant) caused the specific cleavage indicative for the activation of caspase-3 to 19 and 12 kDa fragments within 2 h. After activation of caspase-3 the proteolytic cleavage of the 116 kDa death substrate PARP into a 85 kDa fragment followed within 4 h of treatment with the extract. This evidenced that caspase-3 was functional and that the PE extract of H. adenotrichum induced caspase-3 dependent apoptosis (Fig. 2a) . Tubulin is the major constituent of microtubuli, which facilitate chromosome disjunction during mitosis, and therefore, the affect of tubulin structures is incompatible with functional cell division (19) . Hence, it is important to determine whether cytotoxicity can be attributed to tubulin polymerisation as is the case for taxol (20) . Alterations in the fine tuned balance of microtubuli polymerisation/de-polymerisation as by taxol were reported to correlate with an increase in the acetylation ONCOLOGY REPORTS 22: 845-852, 2009 level of ·-tubulin (21) . However, incubation of HL-60 cells with PE extract did not change the acetylation pattern of ·-tubulin (Fig. 2a) . Therefore, this extract presumably did not contain tubulin-targeting activity. To investigate whether apoptosis was triggered through genotoxicity the phosphorylation status of histone H2AX (Á-H2AX) was analysed, because this core histone variant becomes rapidly phosphorylated in response to DNA double strand breaks (DSB). Incubation of HL-60 cells with 23.2 μg PE extract/ml induced the phosphorylation of H2AX within 2 h and Figure 1 . Induction of apoptosis and necrosis by H. adenotrichum extracts. Cells were incubated with the indicated concentrations of (a-c) H. adenotrichum extracts and (d) L.sativa PE extract (mg-amounts correspond to dried plant material; controls were treated with solvent) for 24 h and then double stained with Hoechst 33258/propidium iodide and viable, apoptotic and necrotic cells determined and counted. Boxed μg-amounts refer to dried extract weights per ml cell culture medium. Error bars indicate SEM, asterisks significance (p<0.05). Experiments were done in triplicate. Figure 2 . Western blot analysis of indicators of apoptosis and cytotoxicity. HL-60 cells (1x10 6 cells) were seeded into T-75 tissue culture flasks and allowed to grow for 24 h when cells were incubated with (a) 23.2 μg/ml PE extract (corresponding to 4 mg/ml dried plant) for 0.5, 2, 4, and 8 h, or (b) the indicated concentrations hyperforin and amentoflavone for 8 h. Then, isolated protein samples were subjected to electrophoretic separation and subsequent Western blot analysis. Equal sample loading was controlled by Ponceau S staining, ·-tubulin-, and ß-actin analysis. The anti-caspase-3 antibody recognizes only the cleavage product indicating activation. Anti-PARP antibody recognizes the full length form (116 kDa) and the signature-type cleaved product (85 kDa), which is generated by active caspase-3, the anti-Á-H2AX antibody detects only the phosphorylated form of core histone variant H2AX, and the specific ac.-·-tubulin antibody detects only acetylated forms of ·-tubulin.
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this was concomitant with the onset of caspase-3 activation (Fig. 2a) . H2AX was shown to exert also non-nucleosomal functions, specifically, pro-apoptotic activities in gastrointestinal stromal tumour cells (22) . Therefore, the PE extract contained DNA-targeting activities, which may have triggered cell death. In contrast to Crockett et al (12) we detected hyperforin in the dichloromethane extract, however, in a low concentration (0.088%) and even less amentoflavone in the ethyl acetate extract of H. adenotrichum Spach. Nevertheless, we tested both substances (at several-fold higher concentrations than present in the respective extract types) and analysed the expression of apoptosis in relevant gene products in Western blot analyses. Although hyperforin induced apoptosis at the highest tested concentration (10 μM; data not shown) and activated caspase-3 after 8 h, Á-H2AX was not enhanced (Fig. 2b) . Therefore, hyperforin induced cell death by another mechanism than the PE extract. Amentoflavone caused a moderate increase of Á-H2AX after 8 h but this seemed insufficient for caspase-3 activation and cell death (Fig. 2b) .
Anti-proliferative activity of the extracts of H. adenotrichum.
The extracts inhibited cell growth, whereby the PE extract was more active than dichloromethane and ethyl acetate extracts inhibiting 50% cell proliferation (I p C 50 ) at concentrations of 5.8, 7.4, and 6.9 μg/ml cell culture medium, respectively (corresponding to 1.0, 0.7, and 1.3 mg dried plant, respectively; Fig. 3a-c) . The methanol extract was the weakest and therefore, the data are not shown. As a control the PE extract of Lactuca sativa was tested and 313.0 μg/ml PE extract (corresponding to 20 mg/ml dried plant) inhibited ~50% cell proliferation, which suggested that high concentrations of apolar plant extracts may generally contain weak growthinhibitory constituents (Fig. 3d) . Hyperforin, dose-dependently and at concentrations that exceeded several-fold the content present in the dichloromethane extract, attenuated cell proliferation (Fig. 3e) , whereas amentoflavone did not inhibit cell proliferation in the tested concentrations (0.1-10 μM; data not shown).
Proliferation inhibition correlates with downregulation of cyclin D1 and the upregulation of p21. Since the PE extract was the most potent, we further investigated this extract type regarding its anti-proliferative mechanisms. The expression profiles of positive and negative cell cycle regulators (cyclin D1, Cdc25A, and p21) were analysed by Western blotting in response to 23.2 μg PE extract/ml cell culture medium (corresponding to 4 mg dried plant weight). Cyclin D1 was markedly repressed within 2 h of treatment whereas Cdc25A was not (Fig. 4a) . Furthermore, this extract transiently increased the p21 level after 30 min, which dropped below control level after 8 h (Fig. 4b) . Since HL-60 cells are p53 deficient (23) , the upregulation of p21, which is a prominent transcriptional target of p53, must have been triggered by another pathway. Besides p53, also the activation of the MEK-Erk pathway was shown to upregulate p21 (24, 25) . Therefore, MEK-Erk signalling was investigated utilising phospho-specific antibodies. Erk became phosphorylated within 30 min of treatment with 23.2 μg/ml PE extract and this correlated with the timing of p21 upregulation. The phosphorylated form of Erk persisted at least for 8 h (Fig. 4b) . This is an unusually long period for Erk activation, which is known in other contexts to last only some 10-20 min (26) . MEK was constitutively phosphorylated and did not become further induced. Therefore, Erk became auto-phosphorylated (27) or phosphorylated and induced by a kinase different from MEK. Hyperforin halted proliferation through downregulation of Cdc25A, but not cyclin D1 as it was observed with the PE extract, and amentoflavone did not affect the expression of the analysed mitosis and cell cycle regulators (Fig. 4c) , which was consistent with its inefficiency to inhibit HL-60 cell proliferation.
Discussion
Members of the genus Hypericum are used in different folk medicines worldwide and several have been tested against cancer cell growth. Based on the concept that traditional medicinal plants used for wound healing could be crossexamined for anti-tumour properties, we investigated H. adenotrichum Spach, which is still used in Turkish traditional medicine for this purpose. The major active principles of Hypericum sp. are hypericin and hyperforin (12) . Hypericin has been proposed for photodynamic cancer therapy (3, 4) and also hyperforin was shown to inhibit cancer cell growth, to induce apoptosis (5), and to restrain tumour invasion and metastasis (9) . In a study of 74 taxa of Hypericum, H. adenotrichum was one of the species that lacked rutin and hyperforin, but contained an additional pharmacologically interesting compound, amentoflavone (12) . In the subspecies H. adenotrichum Spach we nevertheless detected 0.088% hyperforin in the dichloromethane extract and traces of amentoflavone in the ethyl acetate extract. The PE extract elicited predominantly apoptosis (AC 50 = 26.0 μg extract/ml medium, which corresponded to 4.5 mg/ml dried plant), which was independent of p53, whereas the dichloromethane and the ethyl acetate extracts also elicited necrosis at a very high rate which is undesired in therapeutic applications. The PE extract-induced apoptosis was preceded by the activation of caspase 3 and the signature-type degradation of its target PARP. The induction of apoptosis is a prominent anticancer property of therapeutic drugs. Since more than 50% of all cancer types harbour a defective p53 pathway, which is detrimental to successful therapeutic treatment particularly b a c Figure 4 . Analysis of cell cycle-related protein and phospho-protein expression. HL-60 cells (1x10 6 cells) were seeded into T-75 tissue culture flasks and allowed to grow for 24 h when cells were incubated with (a, b) 23.2 μg/ml PE extract (corresponding to 4 mg/ml dried plant) for 0.5, 2, 4, and 8 h, or (c) the indicated concentrations hyperforin and amentoflavone for 8 h. Then, isolated protein samples were subjected to electrophoretic separation and subsequent Western blot analysis. Following antibodies were used: a) anticyclin D1, and anti-Cdc25A; b) anti-p21, anti-phospho-Erk (pErk), anti-Erk, anti-phospho-MEK (pMEK), anti-MEK. Equal sample loading was controlled by Ponceau S staining, and ß-actin analysis.
with regard to apoptosis induction, compounds which exert anticancer activity independent of p53 are of utmost interest for clinical applications. The PE-extract caused DNA damage as evidenced by H2AX-phosphorylation and hence, the extract contained DNA-targeting activity and this was most likely contributing to the induction of apoptosis, because H2AX was shown to exert pro-apoptotic activities in tumour cells (22) . Although hyperforin induced apoptosis it was not responsible for the cytotoxic activity of the PE extract, because it was only present in the dichloromethane extract. Even at the highest tested concentrations amentoflavone was non-toxic. Hypericin was not the cause for cytotoxicity, because the way the experiments were performed excluded the activation of this photo-sensitive compound. Therefore, the PE extract of H. adenotrichum Spach contained anti-neoplastic properties that could not be ascribed to bioactive compounds known from other Hypericum species.
Cyclin-dependent kinases (Cdks) are rate-limiting for cell cycle progression and a common feature of potent anticancer drugs is their cell cycle inhibitory property thereby attenuating or blocking cell proliferation. In this respect, the PE extract was most active followed by the ethyl acetateand the dichloromethane extract (with reference to extract weight). Two independent mechanisms of cell cycle arrest were identified: i) the induction of p21
Cip/Waf and therefore, most likely the inhibition of Cdk2. The major regulator of the p21 tumour suppressor protein is p53, but also Erk was reported to induce p21 (24, 25) and here it was demonstrated that the PE extract activated Erk in p53-deficient HL-60 cells (23) ; ii) the downregulation of cyclin D1 and hence, the inhibition of Cdk4 and/or Cdk6 (28) (29) (30) . Cyclin D1 is an oncogene that is overexpressed in various cancer types (31) and therefore, cyclin D1 is a target for anti-neoplastic therapy. Thus, a prominent anti-cancer property present in the PE extract of H. adenotrichum Spach was discovered. Interestingly, neither amentoflavone nor hyperforin induced p21 or suppressed the expression of cyclin D1. Hyperforin arrested HL-60 cell growth likely through the repression of another cell cycle regulator and oncogene, Cdc25A. Cdc25A expression remained unaffected when HL-60 cells were exposed to the PE extract and this indicated that either synergies between low-activity or low-abundance components caused the cell cycle arrest, or, that unexplored compounds that were present in the PE extract were responsible for the anti-neoplastic effects.
Leukaemia is among the most common cancers worldwide. A major drawback of chemotherapeutic treatment in most cases is the development of resistances e.g. against AraC (32, 33) and therefore, the chemotherapeutic armamentarium is limited and new concepts for adjuvant and second treatment options are needed. This justifies further investigations of this promising plant extract.
